It is well known that massless scalar fields, scattering near the Kerr black hole, are stable and have the well-known super-radiance effect, while a massive field has superradiant instability of some modes with a tiny growth rate, what makes this instability insignificant for real black holes. We find that massless (neutral) scalar fields, otherwise stable, are superradiantly unstable if a rotating black hole is immersed in an external magnetic field. In addition, we show that magnetic fields may significantly increase the growth rate of superradiant instability of both massless and massive fields. This effect occurs because magnetic field adds an "effective mass" term 2B|m| to the scalar field potential for a Kerr black hole. Considerable increase of the instability growth rate may make impact on radiation processes around large astrophysical, primordial or mini black holes.
Introduction. Interaction of black holes and magnetic fields is an important factor for large astrophysical black holes, and, especially, for supermassive galactic black holes because of enormous magnetic fields in the nucleus of galaxies and near supermassive black holes. Strong magnetic fields are induced also by accretion disks of rotation charged matter near black holes. Yet, interaction of strong magnetic fields and black holes is, apparently, not limited just by the context of large scale astrophysical systems. Recent development in brane world theories opens possibility of observing quantum gravity at Tev scale, so that mini black holes might be created at particle collisions in Large Hadron Collider. Observing black holes in laboratories could make it possible to test interaction of black holes with external fields as well.
Strong magnetic field near black hole deforms a black hole space-time, so that one cannot consider magnetic field as a test field on a black hole background, but a consistent solution of the Einstein-Maxwell equations is necessary instead. Fortunately, exact solutions for such a situation exist for both non-rotating (the Ernst solution) [1] and rotating cases (the Diaz solution) [2] . The more general Diaz solution describes the charged rotating black holes immersed in a magnetic field decaying near the black hole to some asymptotic value, so that far from black hole magnetic field is uniform and represents the Melvin Universe. Different effects around such black holes have been studied in [3] and some generalizations were obtained in [4] . Potentially observable effects, such as quasinormal modes and gravitational lensing were considered in [5] , [6] , [7] .
An incident wave near black hole will be partially absorbed (tunneled through the potential barrier) and partially radiated away as a response of a black hole to an external perturbation. When a black hole of mass M and radius r + is rotating, and the real oscillation frequency of the perturbation (for a mode with an azimuthal number m)
then the energy radiated away exceeds the energy of the incident wave. This is the well known effect of superradiance predicted by Zeldovich and Misner [8] and computed for Kerr black holes by Starobinsky [9] . Press and Teukolsky suggested that if radiated away wave will be reflected by a mirror surrounding a black hole, one could make a kind of "black hole bomb", because initial small perturbations would grow without bound [10] . The role of a mirror can play a mass of the field, because massive term creates a local minimum, after which the potential is growing, so that additional smaller barrier can reflect a wave which came back reflected from the main peak of the scalar potential [11] .
In the limit M µ << 1 where M is the black hole mass, Detweiler showed that massive scalar field (of mass µ) exerts the superradiant instability with a maximal growth rate (at a = M ) given by the formula
This instability has very small growth rate and probably cannot be significant for real black holes. Accurate calculations of instability made recently in [12] allowed to observe maximal growth
at M µ = 0.42. Yet, due-to short lifetimes or large particle masses, this is not enough for any known massive boson particles, except possibly, neutral pion π 0 when the black hole mass is close to the value M = 10 12 kg. So strict limitation of the range of values of black hole mass means that one should not expect any significance of the effect.
In this letter we shall show that in the vicinity of a strong magnetic field, instability happens even for massless fields. Moreover, magnetic field may increase the instability growth rate by many orders. This opens opportunity for a superradiant instability to impact the radiation phenomena around large astrophysical and primordial black holes or mini black holes, which might be observed in a laboratory.
The metric and separation of variables in the wave equation. The Diaz metric is the exact solution of the Einstein-Maxwell equation and represents a charged rotating Kerr-Newman black holes immersed in an asymptotically uniform electromagnetic field (se formulas (2-11) in [13] and [2] ). If we put the black hole charge, and external electric field to be zero, then the metric takes the form
In order to separte variable in the Klein-Gordon equation, we have to be limited by the case of small magnetic fields B << M , and small rotation a << M , so that we neglect terms of order B 2 a 2 or B 4 and higher. Within this approximation
Here B is the parameter of the magnetic field. The massless scalar field equation obeys the equation
As the background metric has the Killing vectors (∂ φ , ∂ t ), it is implied that
The wave equation (10) consists of the five terms, corresponding to components of (10) with tt, rr, θθ, tφ, and φφ derivatives. The dependence on Λ (and thereby on B) is preserved only the last term φφ, while in the other terms, Λ −2 coming from the contravariant components of the metric is canceled by Λ 2 of √ −g. Neglecting small terms of orders O(B 2 a 2 , B 4 ) and higher, one can reduced the wave equation to separate equations for S(θ) and R(r) in the limit of small rotation and weak magnetic fields
Thus we see that the radial equation has the form of wave equation for the Kerr black hole with an "effective mass" 2B|m|, while the equation for angular part looks like that for the massless scalar field, because "massive" term in the angular part is of orders a 2 B
2 . Yet, that is not a problem for our future analysis, because it is enough to approximate λ as ℓ(ℓ + 1). The "unit" magnetic field measured in Gausses is B M = 1/M = 2.410
19 M Sun /M . It is worthwhile to notice that generalization of our analysis to a massive scalar field is almost trivial: one should simply replace 2B|m| by 2B|m| + µ.
Bound states and superradiant instability. Here we shall apply the Detweiler method which is valid for µM << 1 or (µ is the scalar field mass), or, in our case, for 2BM |m| << 1 [14] . As we are also limited by a case B << M , and discarded higher powers of B n contains also the same powers r n , the "far region" means in our case M << r < BM , what is a very good approximation, because even very strong magnetic fields correspond to BM which is quite a few orders less than M .
In the vicinity of the magnetic field, the bound states considered by Detweiler exist also for massless particles as well, because the term 2B|m| works as "an effective mass". Repeatiion of all steps of the well-known Detweiler analysis [14] leads to the following result for the frequency of the solution of the above wave equation,
where the imaginary part γ describes the rate of growth or decreasing of each mode,
If one has m > 0 and aM
then γ > 0 and we have a super-radiant instability. The analog of the 2p state of the hydrogen atom (ℓ = m = 1, n = 0) has the fastest instability growth, if we are limited by the regime 2BM |m| << 1. The growth rate as a function of the magnetic field can be found in Fig.1 and 2 for massless and massive particles respectively. There one can easily see that massless particles, otherwise stable, have the instability e-folding time τ ∼ 10 13 sec. ∼ 10 5 years in the regime of slow rotation. Yet from the detailed analysis of high rotation regime we know, that the extreme rotation in the regime M µ << 1 (or 2BM |m| << 1) is characterized by about eight orders higher γ, so that we expect that the e-folding time for massless particles around magnetized black holes might be around 10 5−6 sec. for a supermassive black hole with the mass M = 10 3 M Sun . For larger supermassive black holes, the maximal growth of instability occurs at much smaller magnetic field (see Fig. 4 ). This means that instability is likely to have impact on a radiation processes around black holes. From the Fig. 2 , one can easily see that magnetic field can also increase the growth rate of massive particles by many orders. Thus, if one considers the frequently used example of pion π 0 with mass m π 0 = 2.4 × 10 −28 kg. around a black holes of mass M = 2 × 10 9 , then for slow rotation γ × 10 −3 (sec −1 ), while in presence of magnetic field γ increases until γ ∼ 10 11 , that is by 14 orders greater. If one expects additional 10 8 multiplication of the growth rate in the regime of extreme rotation, then the expected e-folding time might be τ ∼ 10 −19 sec. For mini black holes of mass M ∼ 10 −6 kg, what is two orders greater than the Planck mass, slow rotating regime shown in Fig. 1 gives the maximum instability time τ ∼ 10 −26 , so that if taking into consideration the high rotation, one could possibly reach the instability growth comparable with the evaporation time of the black hole τ e = 8 −1 10 17 (M/10 12 kg) 3 sec. Another important point is that in fact one does not need enormous magnetic field to create or support superradiant instability. In the opposite limit M µ ≥ 1 (or 2BM |m| ≥ 1), one can use the WKB approximation [15] . The e-folding time is calculated by the formula of [15] 
where β is the barrier integral, which is equal to
and taken between the turning points ω i = V (ω i ); α is the normalization integral. The value of α is of order 10 8 at slow rotation, and one order less at the extremal rotation. The values of β strongly depend on rotation a and may be many orders larger in the extremal rotation than in a slow rotation regime [15] . Here i labels the bound state frequencies. The modes with highest ℓ = m are most unstable in this limit, so that one can keep magnetic field β not so strong and support instability due-to large mode numbers m, so that for instance 2BM |m| ∼ 1!. If one believes that in high rotation regime β will be at least of the same order in the vicinity of the magnetic field, as without it, then for black holes of mass M ∼ 10 5 kg, one has for massless particles τ = 10 −15 sec. This estimation also shows that instability may be very strong for primordial black holes. We were unable to make more accurate estimation of the growth rate, because rotation is at least as an important factor as magnetic field itself, and in the regime of high rotation, the e-folding time of instability increases by many orders as well. Nevertheless, for a case of separable variables, i.e. in the regime of slow rotation, we have shown that magnetic field may increase the instability growth rate by many orders for massive particles and create an instability for massless particles. This effect can easily be understood, if one remembers that magnetic field creates a kind of confinement in space, so that, for instance an effective potential for a paraticle moving on a cicular orbit around a magnetized black hole diverges far from black hole (see for instance [5] ). Effect of this kind creates also a reflective "mirror" to support superradiant instability. Such a confinement is intrinsic to a magnetic field and we believe it does not depend very much on a concrete model of a magnetic field. The above phenomena of increasing of superradiant instability by a strong magnetic field gives motivations to study also higher dimensional cases suggested by braneworld theories. The sudden growth of instability for mini black holes may produce a sudden birth of energetic particles, like γ and e ± , similar to the explosion during the Hawking process [15] . 
